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Accordinir to the above-described prior art, therefore, the 

SCANNING OPTICAL MICROSCOPE ^f of a SocaTaperture is set in accordance with the spot 

rBnw ppffreNCE TO RELATED size of DAPI in order to secure the confocal effect This 

CROSS R ™S 10 N means that the setting of the confocal aperture is set opU- 

APPL1 N 5 mized for DAPI, but is too narrow for CY5, resulting mloss 

This application claims the priority of Japanese Patent of ious fluorescence. Setting the size of the contocaJ 

Application No. 98/269561 filed on Sep. 24, 1998, which is fof CY5> on me otheI hand, would result ui an 

incorporated herein by reference. insufficient confocal effect for DAPI. 

,™*t The bundle of rays that have passed the confocal aperture 

BACKGROUND OF THE INVENTION ^ fc KSolyeA by me spectr al resolving means (prism) and is 

The nresent invention relates to a scanning optical micro- sp i it into wavelengths of the individual fluorescent rays 

:7uralityofwav P e.en g thrangesa n ddetect S thenuorescence «^^^^J^tS^St^ 

of each wavelength range. J^^^ST™ 



of each wavelength range. SJZiZS occurs, the bundle of rays 

{m! permit cells or a specific target in an organ to a sufficient precision. 

be observed, each dyed portion should be detected as a clear BRIEF SUMMARY OF THE INVENTION 

£ltTm^ « Accordingl.itisaprimaryobiectofmepre.ntinve.ion 

nece^y to eS vely remove the partial overlapping of to pro vide a scanning optical microscope cap ab le a leading 

2 Tfluo^scent wavelengths (crossoveV portion) in the detec- rays 0 f individual fluorescent wavelengths of a mulU-dyed 

don Z S3 obStion also demands a high con- samp i e to the respective photosensors without reducing the 

trast' and high optical resolution. Confocal scanning laser ^focal effect and losing the fluorescence, 

microscopes satisfy those requirements and are becoming 25 It i, ^ object of the present invention to provide a 

popular in researches in the field of biology. ^ning optical microscope capable of leading a ^bundle > of 

Confocal scanning laser microscopes to which this inven- rays of individual fluorescent wavelengths of a ^i-dyed 

tioSSSSVat ensure fluTresc^nt observation are sample to the respective photosensing paths at a high 

ilkelosed in Jpn Pat. Appln. Kokai Publication Nos. Hei precision. . 

8^9 and Hei 9-502269. Those microscopes use spectral 30 ^ ^ e ^ above object> accord ing to the mam aspec 

reliving means like a prism or diffraction grating as fluo- of this invention, there is provided a scanning optica 

Separation means for multiple dyes, and a slit for ^^pe which comprises a laser source, a scan optical 

restricting the fluorescent wavelength range. This can ensure system for scanning a sample with a laser beam from tne 

S£732£££> of fluorescent rays from a multi- J s6r source; a spectral ^ving^cal s y^rn fo r .esolv- 

dyed sample without crossover while achieving the high 35 m ^ of flu0T6Scent rays from the sampl wave 

contrast and high resolution of a confocal microscope. length splitting optical system for sph ting the ^nacent 

a »o,«cenl Loss as m»cb a possible, '^^t SSbI r.i tan to Jmk »•> t»™ 

Tnesizeofthespotwhichisformedatthe^^^ SconfocalaperL can be set to the optimal aperture siz.e 

those fluorescent rays form an image (where a^ »nfocal P W avelength range. This can provide a 
aperture is provided) ,s given by the f^wmg e£urt»n * 0r rf rfoc>1 effect without fluorescence loss, 

for example, Jpn. Pat. Appln. Koka! Publication No. Hei P 8 * |o QQe mode of the scanning optical 

9-502269. microscope, the spectral resolving optical system includes a 

0.1.22XWW first optical clement for resolving the spectra of the fluores- 

• „f,w cent rays from the sample; and a second optical element for 

where NA is the numerical aperture for emission ot a lens ' bundk of r r6Sultin g from spectral resolv- 

rt\*to™^T***^«J»ffi^ SS^^^^^ to,ta,,dtoafp,nnBl 

DAPI (fluorescent wavelength of 450 nm) with that of CY5 "B X 

(fluorescent wavelength of :670 Inm), both calculated from 65 ra ^ 

the above equation, show mat the spot size of CY5 ,s about ^ d wavelengtn splittiQg t0 be emitted in 

1.5 time greater than that ol DAFI. r 
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parallel to the respective photosensing paths, those parallel FIG. 7 is a diagram illustrating the structure of the 

rays all focus on the confocal points. Therefore, a scanning scanning optical microscope according to the second 

optical microscope can be constructed by simply arranging embodiment of this invention, 
the confocal apertures to the respective confocal points. 

Since an independent confocal optical system can be pro- 5 
vided in each path by merely arranging a single confocal 

aperture and a single photosensor in the optical path fol- Preferred embodiments of this invention will be described 

lowing the stage of separating the bundle of rays, the below with reference to the accompanying drawings, 

microscope can be constructed easily and at a low cost. First Embodiment 

According to another mode of the scanning optical to A first embodiment of this invention will now be dis- 

microscope, a reducing optical system for reducing a bundle cussed referring to FIGS. 1 through 5. 

of rays incident to the spectral resolving optical system is FIG. I shows the general structure of a scanning optical 

provided closer to a sample side than the spectral resolving microscope according to this first embodiment, 

optical system. FIG. 1 shows a typical laser source 1 which is comprised 

This structure improves the spectral resolving precision. It 15 of an argon-krypton gas laser. The laser beam that has been 

is preferable that the reduction ratio of this reducing optical emitted from this laser source 1 sequentially passes a beam 

system is at least 1/2. When the interval between the first and expander 2, a wavelength-selection filler 3, a beam splitter 

second optical elements is narrow, the reduction ratio is set 4, an X-Y scan optical system 5, a pupil projection lens 6, 

smaller. an image-forming lens 7 and an objective lens 8 and reaches 

According to a further mode of the scanning optical 20 a sample 9. 

microscope, the numbers of the image forming optical The laser source 1 emits argon rays of mainly 351 nm and 

systems, the confocal apertures and the photosensors are 488 nm and krypton rays of 568 nm and 647 nm. The beam 

equal to the number of fluorescent rays to be sensed; and the expander 2 is set in such a way that the size of the laser beam 

wavelength splitting optical system has wavelength splitting nearlv satisfies the pupil size of the objective lens 8. The 

optical elements smaller in number by one than the number 25 neam splitter 4 reflects about 20% of the arrived light and 

of the photosensors. passes ab ° u t 8 0% of that light. 

This setting can provide a microscope having a desired 11,6 wavelength-selection filter 3 selectively passes rays 

number of channels. of a wavelength of 351 nm, 488 nm, 568 nm or 647 nm. For 

According to a modification of the third mode, the scan- sample the sample 9 is dyed with four dyes, DAPI, FITC 

ning optical microscope further comprises an optical- 30 Texas Red and CY5; DAPI is excited by the argon rays of 

element positioning drive mechanism for positioning the ™« m > mC «* h ° al S on Tl T K 

wavelength splitting optical elements in a direction perpen- J krypton rays of 568 nm and CY5 by the krypton rays of 

dicular to an incident optical axis. ■,.,,-,,.,„ a 

. , c ..... ,. , . , , .. When excited, DAPI emits fluorescent rays which have a 

fhis structure can facilitate microadjustmen of the opti- . approximately 450 nm. Likewise, FITC emits Uno- 
cal elements to ensure high-precision ray sensing. p apinuAim<u C iy «. u&™«,niv. C uui»uuu 



A .,. , ,. , , ... rescent rays having a peak at approximately 530 nm, Texas 

AddiUonalob^jects and advantages of the invention wil be Redemits mloresccnt rays havmg a peak at ^proximately 

set forth in the descriptor, which follows and in part will be m Md CTS emits fluorescerit rays having a peak at 

obvious from the ^description, or may be learned by practice , pproximatelv 670 nm . Those fluorescent rays pass through 

ofme mventon The objects and advantages of the invention 4Q ^ bcam micr 4 after ^ the objective lens 8 the 

may be realized and obtained by means of file mstrumen- ^.fo^ lens 7> the p1lpi i projec tion lens 6 and the 

talities and combinations particularly pointed out hereinat- j^-Y scan optical system 5. 

ter ' A bundle of rays 20 that have passed the beam splitter 4 

BRIEF DESCRIPTION OF THE SEVERAL travels through a reducing optical system 10 which reduces 

VIEWS OF THE DRAWING «5 the bundle of rays, thus forming a bundle of parallel rays 21 . 

The accompanying drawings, which are incorporated in ^ bundle of parallel rays 21 passes a prism 11a for 

and constitute a part of the specification, illustrate presently s P 6Ctra) r e *>'™g. *> d a bundle of rays with the resolved 

preferred embodiments of the invention, and together with s P ectra is formed mt0 a bundle of P araM ra > s 22 >>? a P rism 

the general description given above and the detailed descrip- l ] b ^ a "P' 1 ^ ldeat ^ 1 to the P rism Ua - ^ buadle 

lion of the preferred embodiments given below, serve to 50 ofparallel rays 22 then reaches a first pnsm mirror 12<j. The 

explain the principles of the invention. fllst P nsm mmor 12a 15 so designed as to be movable in a 

CTr . , ■ h , j- c • , direction perpendicular to the incident axis by a first mirror 

FIG. 1 is a structural diagram of a scanning optical , . t ~ y . ,_ , . , . . ' 

„ „ „„„.•„ ,„ „ r.° „, „ , r ... . r drive mechanism 17o, and is set in such a manner that the 

microscope according to a first embodiment of this inven- , ,, r . ' , . . . . . . , . , „. 

j. bundle of rays is separated mto right and left optical paths 

' , . . . ,. . . . . , 55 with about 570 nm as the boundary. Consequently, the 

FIG. 2 is a structural diagram of the scanning optical fl , loresceril r of nAPI md FTTC are separated as a bundle 

microscope accordmg to the first embedment; rf ^ ^ ^ ^ fluoresceal fays * of Xexas Red and 

FIG. 3 is a diagram showing sensitivity distribution data cys ' are separated as a bundle of rays 23b. 

of a side-on type photomultiplier according to the first ilic blmdle of p ala u el rays 23a enters a second prism 

embodiment; 60 ^b. This second prism mirror 12b is likewise so 

FIG. 4 is a structural diagram showing of a modification designed as to be movable in a direction perpendicular to the 

of the first embodiment; incident axis by a second minor drive mechanism 17b, and 

FIG. S is a structural diagram showing of another modi- is set in such a manner that the bundle of rays is separated 

fication of the first embodiment; into right and left optical paths with about 490 nm as the 

FIG. 6 is a diagram illustrating the structure of a scanning 65 boundary. As a result, the fluorescent rays of DAPI are 

optical microscope according to a second embodiment of separated as a bundle of rays 24a, and the fluorescent rays 

this invention; and of FITC are separated as a bundle of rays 24b. 
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The other bundle of parallel rays 23ft likewise enters a Although the foregoing description has discussed a way 

third prism mirror 12c. This third prism mirror 12c is aLso so of guiding the individual fluorescent rays to the respective 

designed as to be movable in a direction perpendicular to the sensing paths in a case where the sample 9 is dyed with four 

incident axis by a third mirror drive mechanism 17c, and is dyes, this invention can also cope with a case where the 

set in such a manner that the bundle of rays is separated into 5 sample 9 is dyed with a single dye without any difficulty, 

right and left optical paths with about 650 nm as the wh ™ the sample 9 is dyed with a single dye of FITC, 

boundarv. Consequently, the fluorescent rays of Texas Red crossover with the oflier fluorescent rays need not be 

are separated as a bundle of rays 24c, and the fluorescent considered, so all the fluorescent rays to be acquired have 

rays of CY5 are separated as a bundle of rays 24d. oidy to be guided to a single photosensor. 

ix.-j--jii. ji c „. J , In this case, the positions of the prism mirrors I2fl and l2o 

TOemdividualbundlesof rays 24a 246 24c and 24rf pass to be FIG. 2 so that FITC can be 

through shte Via, Kb, I3c and 13d, which have variab k iccd com lctel In BG _ 2 , like or same reference 

widths and arc each movable in a direction perpendicular to n ^ erals Me ^ ven ( 0 ^ components which are the same 

the optical axis, so that the return rays of the excited rays M , be correspot , dmg components in FIG. I. As the structure 

from the sample and partial overlapping portions of the below tne r6 ducing optical system 10 is the same as the one 

fluorescent wavelengths (crossover portions of the fluores- 15 shown in pj G . 1, it is not illustrated in FIG. 2. 

cent rays) are restricted by those slits 13a-13d. The indi- If rays of 600 nm or lower are acquired completely, for 

vidual bundles of fluorescent rays 24a, 24f>, 24c and 24d that example, fluorescent rays of FITC can be gotten completely, 

have passed the slits 13a, 13ft, 13c and 13d reach confocal so that (nc posraotls of the prism mirrors 12a and 126 arc so 

lenses 14a, 146, 14c and 14d respectively. As the bundles of xt ^ t0 be abk t0 get rays 0 f 600 nm or lower. The slit 136 

fluorescent rays 24a, 246, 24c and 24d are emitted as 20 nas on } y to be set to cut the excited light of 488 nm and get 

bundles of parallel rays, they focus on confocal apertures ugnt 0 { gQO nm or lower. This invention can also easily be 

15a, 156, 15c and 15d located at their focal points, and pass adapted to cases of a double-dyed sample and a triple-dyed 

through the confocal apertures ISa-lSd to be sensed by sample. 

photomultipliers 16a, 166, 16c and 16a". Although a pair of prisms 11a and 116 which are optical 

The aperture sizes of the confocal apertures 15a-15d arc 25 identical are used as the spectral resolving optical system in 

set to the ones that are calculated by the following equation. me first embodiment, a pair of diffraction gratings or a pair 

0=1 22xWMA °f holograms which are optical identical to each other may 
be used as well. As the bundle of rays undergone spectral 

where NA is the numerical aperture for emission of each of resolving should be emitted as a bundle of parallel rays, 

the confocal lenses 14a, 146, 14c and 14d and \ is the 30 different optical elements like a prism and a diffraction 

fluorescent wavelength. grating may be combined. 

With this structure where the confocal lenses 14a, 146, piQ 4 shows an optical system which is a combination of 

14c and 14a" and the confocal apertures 15a, 156, 15c and a w £ a diffraction grating. In this case, since the 

15d are respectively arranged in the individual fluorescent diffraction directions of the prism and diffraction grating are 

optical paths for DAPI, FITC, Texas Red and CY5, for 35 opp osiie to each other, the axis of the outgoing bundle of 

example, the aperture sizes 0 of the confocal apertures 15a, rays f ormS; f or example 90 degrees to the axis of the incident 

156, 15c and 15d can be set optimally for the respective bum11c 0 f rays if one wan ts to acquire a bundle of parallel 

fluorescent rays. It is thus possible to provide the best rays f or eacD fluorescence. 

confocal effect without losing the fluorescence. Because the fluorescent rays can be split into a plurality 
As the above structure has the reducing optical system 10 40 0 f wavelengths by prism mirrors according to the above- 
provided immediately before the first prism 11a, ray sensing described first embodiment, the number of fluorescence 
can be implemented with a higher precision. sensing paths can be set as desired. Although this example 
If the beam size of the bundle of rays 21 incident to the Das a four-channel structure, it can easily be modified into a 
first prism 1 1 a is 1 arge, the spectra resolved by the first prism two-channel structure, 3-channel structure, 5-channel struc- 
11a may overlap, disabling the optimal dispersion for each 45 ^ K ^ S o forth. FIG. 5 shows a case of the 5-channel 
fluorescent frequency by the prism mirror 12a. This embodi- structure. In this example, the bundle of rays separated by 
ment docs not however suffer such a problem because the ^ mird prism m irror 12c is further separated by a fourth 
reducing optical system 10 which reduces the beam size of pr i sm m i nor i2d into two bundles of rays which respec- 
the incident bundle of rays to at least !4 is provided imme- ti vely pass slits 13d - and I3 e> confocal lenses 14a" and 14e 
diately before the first prism 11a. 50 and con focal apertures 15a" and 15<? to be respectively 
The photomultipliers 16a, 166, 16c and 16d are of a detected by photomultipliers 16d and 16e. This structure can 
side-on type and have their axial centers coming approxi- provide five fluorescence sensing paths, 
mately within planes to be spectral-resolved by the prism Sincc the axia i centers 0 f the side-on type photamultipli- 
11a. The side-on type photomultipliers, which are generally ers come approximately within the planes to be spectral- 
highly sensitive, are cheaper than head-on type 55 reS olved by the prism 11a, the sensitivity distribution is 
photomultipliers, and are often used in scanning confocal hard]y significant. The use of such cheap sidc-on type 
laser microscopes. However, the side-on type photomulti- photomultipliers can realize an inexpensive scanning optical 
pliers are inferior to the head-on type photomultipliers in a microscope, 
large difference between the axial and vertical sensitivities, 

though there is not much difference in the axial sensitivity 60 Second Embodiment 

distribution. As a reference, the sensitivity distribution data FIGS. 6 and 7 show the structure of a scanning optical 

of the side-on type photomultiplier is shown in FIG. 3. microscope according to a second embodiment of this 

Since the axial centers of the side-on type photomultipli- invention. In FIGS. 6 and 7, like or same reference numerals 

ers come approximately within the planes to be spectral- are given to corresponding or identical components. As the 

resolved by the prism 11a in this embodiment, the sensitivity 65 structure below the reducing optical system 10 in FIGS. 6 

distribution of the side-on type photomultipliers is hardly and 7 is the same as the one in FIG. I, its illustration is 
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A laser source 1 shown in FIG. 6 is a light source for an slits 13a lo 13c and lhe mirrors 31a to 31c may be set in such 

argon-krypton gas. The laser beam that has been emitted a way that the focal point of the lens 30 comes to an 

from this laser source 1 sequentially passes a beam expander intermediate position thereof. 

2, a wavelength-selection filter 3, a beam splitter 4, an X-Y The individual bundles of rays that have passes the slits 

scan optical system 5, a pupil projection lens 6, an image- 5 paS8 i ctlses 34fl> 34^ 3 4c and prisms 35a, 356 and 35c. The 

forming lens 7 and an objective lens 8 and reaches a sample i enses 34^ 34^ 34c are identical to the lens 30 and the 

9- prisms 35a, 356 and 35c are identical to the prism 11. The 

The laser source 1 emits argon rays of mainly 488 nm and spectral-resolved bundles of rays are combined in the indi- 

krypton rays of 568 nm and 647 nm. The beam expander 2 vidual optical paths to respectively become bundles of rays 

is set in such a way that the size of the laser beam nearly 1U 40a, 40b and 40c, which enter confocal lenses 14a, 146 and 

satisfies the pupil size of the objective lens 8. The beam 14c. 'lhe bundles of rays 40a, 406 and 40c then pass 

splitter 4 reflects about 20% of the arrived light and passes confocal apertures 15a, 156 and 15c, arranged at their focal 

about 80% of that light. points, and are sensed by photomullipliers 16a, 166 and 16c 

The wavelength-selection filter 3 selectively passes rays m at are so arranged that their axes become perpendicular to 

of a wavelength of 488 nm, 568 nm or 647 nm. For example, 15 me sneet - 

the sample 9 is triple-dyed with F1TC, Texas Red and CY5; As the spectra of the bundles of rays 40a, 406 and 40c are 

FITC is excited by the argon rays of 488 nm, Texas Red by completely combined, unlike in the first embodiment, the 

the krypton rays of 568 nm and CY5 by the krypton rays of bundles of rays 40a, 406 and 40c do not spread toward the 

647 nm. spectral resolving direction after passing the confocal aper- 

When excited, FITC emits fluorescent rays which have a 20 tures I5 a , 156 and 15c. Therefore, no problem would arise 

peak at approximately 530 nm. Likewise, Texas Red emits even if the photomultipliers 16«, 166 and 16c are arranged 

fluorescent rays having a peak at approximately 6 10 nm, and in such a way that their axes become perpendicular to the 

CY5 emits fluorescent rays having a peak at approximately sheet. 

670 nm. Those fluorescent rays pass through the beam 2J The aperture sizes of the confocal apertures are set to the 

splitter 4 after passing the objective lens 8, the image- ones that are calculated by the following equation, 
forming lens 7, the pupil projection lens 6 and the X-Y scan 

optical system 5. 0-LBxMW 

As shown in FIG. 6, a bundle of rays 20 that have passed where NAis me numerica l aperture for emission of each of 

the beam splitter 4 travels through a reducing optical system 30 me contoca i i enS6S i 4a> I4fc, ifr an d \4d an d X is the 

10 which reduces the bundle of rays, thus forming a bundle fluorescent wavelength 

of parallel rays 21. This bundle of parallel rays 21 passes a Like me flist embodiment, therefore, this embodiment can 

prism 11 for spectral resolvmg, and the resultant bundle of prov id e the best confocal effect without losing the ftuores- 

rays enters a lens 30. The lens 30 is arranged in such a way cent rays of ITrc Texas Red aTld cy5 Although the 

that its focal point coincides with an incident point liar of the 3J nitrated example has a 3-channel structure, the number of 

bundle of rays to the prism 11. Therefore, the individual ^ ^ not limited to three but can be set arbitrarily 

spectral-resolved bundles of rays from the lens 30 are aC cording to the purpose 

emitted as bundles of parallel rays within the spectral- Although the foregoing description has discussed a way 

resolved planes. The spectral-resolved bundles of rays are of gujding the individual fluorescent rays to the respective 

separated by mirrors 31a, 316 and 31c to go to the respective 40 sensing pams m a case w here the sample 9 is dyed with three 

fluorescence sensing paths. The mirrors 316 and 31c are dves> mis mvem i otl can a is 0 cope with a case where the 

movable in a direction of 45° with respect to the incident 9 ^ dyed with a singk dye without any difficulty, 

light axis. me samp i e 9 is dyed with a single dye of FITC, 

Specifically, an end face 31a: of the mirror 31c is set to crossover with the other fluorescent rays need not be 

a position where excited rays of approximately 647 nm hit, 45 considered, so all the fluorescent rays to be acquired have 

and an end face 316* of the mirror 316 is set to a position only to be guided to a single photosensor, 

where excited rays of approximately 568 nm hit. This [ n this case, the position of the mirror 31c should be 

structure allows the fluorescent rays of FITC to be separated adjusted as shown in FIG. 7 so that FITC can be acquired 

as a bundle of rays 33a, the fluorescent rays of Texas Red to completely. If rays of 600 nm or lower are acquired 

be separated as a bundle of rays 336, and the fluorescent rays so completely, for example, fluorescent rays of FITC can be 

of CY5 to be separated as a bundle of rays 33c. Although the obtained completely, so that the position of the mirror 31c is 

positions of the mirrors 31a, 316 and 31c are slightly shifted so set as to be able to get rays of 600 nm or lower. The slit 

from the focal point of the lens 30, ray separation to the 13 C has only to be set to cut the excited light of 488 nm and 

individual fluorescence sensing paths can be executed with g e t light of 600 nm or lower. This invention can also easily 

a sufficiently high precision because the size of the bundle 55 be adapted to cases of a double-dyed sample and a Iriple- 

of rays is reduced by the reducing optical system 10. dyed sample. 

The individual bundles of rays 33a, 336 and 33c pass Although a prism is used as the spectral resolving means 

through slits 13a, 136 and 13c, which have variable widths in the second embodiment, a diffraction grating or a holo- 

and are each movable in a direction perpendicular to the gram may be used as well. 

optica] axis, so that the return rays of the excited rays from 60 Since the spectral-resolved bundle of rays is formed as a 

the sample and partial overlapping portions of the Quotes- spot by the image-forming lens 30 in the second 

cent wavelengths (crossover portions of the fluorescent rays) embodiment, it is possible to restrict the wavelengths of 

are removed by those slits 13a-13c. The slits 13a, 136 and fluorescent rays with very high precision. As the focal point 

13c are located at the focal point of the lens 30. As the of the lens 30 is set to match with the incident position llv 

individual bundles of rays after spectral resolving form spots 65 of the bundle of rays 21 to the prism 11, the spectral-resolved 

at the positions of the respective slits, the slits can restrict the bundle of rays emitted from the lens 30 become parallel in 

wavelengths with a very high precision. The positions of the the spectral-resolved plane. This can allow the use of the 



